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Usisiant Pathologist, Laboratory of Plant Pathology, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

Proso or broomcorn millet (Panicum mUiaceum L.) is the common 
tiillet of the Old World (4)? Especially in India, Russia, and China 
t is an important crop for human food. From these countries, principally 
lussia, a large number of different varieties have been introduced into 
he United vStates and tested experimentally, and about a dozen varieties 
re now grown to some extent in the northern Great Plains States. 
Ll though proso is easily injured by frost and grows well only with 
noderately high temperatures, the length of time from seedmg to 
naturity— 50 to 90 days— is comparatively short and makes this grain of 
'aliie as a supplementary or catch crop. It is grown to a considerable 
xtent in the drier parts of Europe and Asia, and in our Great Plains 
hates sometimes produces a larger yield in dry seasons than other small 
Tains. 

The leaves and steins of proso are covered with hairs which make it 
ndesirable for hay. The different varieties grow from 1% io ^ feet 
igh and are otherwise distinguished by type of panicle, color of seed 
jid chaff, and time of maturity. Proso (Panicuvt Milictceutu E.) differs 
rom the more common foxtail millets [Chaetochloa iiapea (E.) Scrib.) 

1 having more open branching panicles somewhat resembling those of 
he oat indorescence. The seed is larger and makes better feed. While 
he foxtail millets are grown especially for hay, the prosos are grown for 
he seed which is fed to hogs, poultry, and other live stock. 

Early Fortune is one of the leading varieties of proso and has been 
rown in the United States for many years. It grows only to 2 feet 
igh and matures very early. Some of the other varieties mentioned 
1 this paper (Black Voronezh, Hansen's White Siberian, Tambov, 
urghai) have been introduced from Russia since 1897 and are grown to 
Dine extent at tlie experiment stations of the Mississippi Valley. 


DESCRIPTION OF THE DISEASE 


The first known obsenmtion of a bacterial disease on proso was made 
the South Dakota Agricultural Experiment Station, at Brookings, 
j August, 1917^ by Dr. A. G. Johnson. He described the lesions on 
^nsen s White Siberian as characteristic water-soaked to brown stripes 
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on leaves, sheaths, and culms. The streaks were shiny, and the interiors 
of some stems showed an abundance of gummy exudate. In some plajij 
the main culms had been killed and were brown and dry, and onjy 
spindling side culms were living. Other plants showed that the upp^ 
portion, including the head, had been killed. Specimens of diseased 
plants were collected, but no further work was done. 

In July, 1920, the writer found badly diseased plants of Early Fortune 
(S. 0 . No. 98) in the plots at Hill Farm, Madison, Wis. (PI. i, 2, 

The seed for the plot had come from the South Dakota station, and the 
lesions were like those described earlier by Doctor Johnson. The plants 
were about 18 inches high and just beginning to head. Narrow, brow-n, 
water-soaked streaks extended from the blades of the leaves down onto 
the sheaths, and were also present on the culms. Where many streaks 
coalesced on a leaf the tissue was brown and translucent, and liiere was 
evidence of abundant exudate in the form of thin, white scales along the 
streaks. Similar lesions also occurred on the peduncles and pedicles 01 
the panicle. In most cases the infection was not severe enough to kiE 
the plants, but individual leaves were partly or entirely browned, In 
some instances the whole top of the plant was killed, die tissue becomiDg 
soft and brown, especially where partly inclosed and protected by lower 
leaves and sheaths. In such cases new shoots were coming out at the 
base. i 

The groups and varieties of millet grown at Madison in 1920 are shown 
below: 


Barnyard millet {Echinochloa crusgalli edulis): 

Japanese millet S. P. I. No. — 

Pro^o millet {Panicum miliaceum b.): 

Black Voronezh S. P. I. No. 2795 

Early Fortune 

Hansen’s White Siberian 

Tambov S. P. I. No. 2794 

Tnrghai S. P. L No. 10635 

Foxtail millet {Chaeiochloa iialica (b-) Scribn,): 

Ainu 

Common 

German (Golden) 

Kursk 

Kursk (Shelley) 


C. I. No. — S. D. No. 1014 


C. I. No. 16 
C. 1 . No. 23 
C. I. No. 179 
C. I.No. 13 
C. L No. 31 


S. D.:.No. gj 
S. D. No, 98 
S. D. No. 908 
S. D, No, 80 
S. D. No. 96 


S. D. No. 31 
S. D. No. loij 
S. D. No. jS 
S. D. No. XU 


These millets were groum in a series of adjoining, duplicate rows in 
the following order: Japanese millet, Black Voronezh, Hansen’s Whitt 
Siberian, Ainu, Tambov, Early Fortune, Turghai, German (Golden), 
Kursk (Shelley), Kursk, Common. 

The disease developed only on varieties of proso. Early Fortune showed 
abundant infection. A few scattered lesions appeared on Tambov and 
Turghai which grew on either side of Early Fortune, Traces of the 
disease also appeared on Hansen’s White Siberian. The varieties of lox- 
tail and barnyard millets showed no signs of infection, although two van* 
eties of foxtail millet were growing beside infected varieties of proso. 

Seed of Early Fortune from Madison, Whs., was sown at Tuxedo, Md, 
in 1 92 1 . The season was hot and dry, and only scattered lesions appear^ 
on the plants. Seed from this 192 1 plot was again sown in a different ndd 
at Tuxedo, Md,, in May, 1922. During May and early June there were 1 
abundant and almost daily rains for two weeks. Rows of Hansen’s IVhite 
Siberian and of Tambov were sown in the same plot. All three varieties 
showed abundant infection with the bacterial disease. Every plant 0 ■ 
Early Fortune showed more or less infection, and in about 10 pet ' 
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of the pUuts the growing point and upper unfolding leaves were killed, 
>rhe killed portions of the expanded leaves were dry and brown, while 
the killed, inclosed, young leaves were soft, brown, and disintegrating. 
Lesions extending down the sheaths and stem to the root produced a 
browning at the crown where the plants readily broke away from the 
root. There were abundant separate lesions on blades and sheaths, and 
many of the leaves looked brown and ragged where the tissue had split 
at the lesions. The other tw^o varieties showed abundant infection, but 
not so much as Early Fortune. This plot was practically destroyed by 
the disease. 

ISOLATION AND INOCULATION EXPERIMENTS 


Microscopic examination of the free-hand sections through leaf blade 
and sheath showed that there were large numbers of bacteria in the 
lesions. 

Isolations from fresh material were made in two ways: (i) Scales of 
exudate were scraped off into +15 broth and plates poured from the 
broth; (2) small pieces of leaf tissue were dipped into 95 per cent alcohol 
for a fe>v seconds, then placed in mercuric clilorid solution (i : 1000) for 
one to two minutes, washed through three sterile water blanks, crushed 
and transferred to sterile broth from which the plates were poured. 
Twelve isolations were made at different times and all gave practically 
pure cultures of a white organism which, when used for inoculation, pro- 
duced typical lesions of the disease on proso. Transfers from these iso- 
lations were labeled cultures I, 11 , III, IV, V, etc., and cultures I, II, and 
V were used for cultural and morphological studies. 

Inoculations were made by spraying plants in the greenhouse with 
water suspensions of the organism made from 2 -day-old to 4- day-old agar 
slant cultures. Sprayed plants were held in damp chambers for from two 
to four days. Controls w^ere sprayed with sterile water and held under 
the same conditions as inoculated plants. 

In three to four days the lesions appear on the inoculated leaves as 
(vater soaked streaks a millimeter in diameter and from one to several 
:entimcters in length (PL 3, B). The lesions are sometimes along the 
margins and sometimes through the leaf blade between the veins. Lesions 
mav extend from the blade down onto the slicath. Some plants rotted 
It the surface of the soil w^here the inoculum had run down and collected. 
In one inoculation with culture I, where there were a great many infec- 
aons, the leaves turned yellow or dried up. Controls under identical 
conditions 4 ^ept a healthy green color and showed no signs of infection. 

‘ isolations from these lesions gave characteristic white colonies which 
igam produced narrow, water-soaked lines 3 to 4 inches long on the leaf 


Out of 15 inoculations of Early Fortune, ii produced good typical 
esions of the bacterial disease, while 2 were unsuccessful because the 
amp chambers were not tight and the plants could not be kept moist, 
le other two inoculations were made with isolation No. IV, which never 
roduced any lesions and was discarded as not being the organism to 
Fkich the disease is due. 

i^r ttiade on sorghum (African, Orange, and an 
cultures I, II, and V. No lesions appeared 
Ed C ? although proso plants inoculated at the same time 

'ept m the same damp chambers showed abundant infection. Acme 



Journal of Agricultural Research voi. xxvi. uo., 


broom com, C. I. No. 243, was sprayed twice with water suspensions of 
culture I without producing any lesions. , . , t ^ .r 

Feterita and Dwarf kafir were both sprayed with cultures I and V, and 

no lesions appeared. t . 

A Feterita-Milo hybrid was twice sprayed wi^ culture 1, without any 
evidence of infection in one experiment, but in the other, after three 
weeks irregular reddish-brown streaks appeared on the margin and 
toward the center of one leaf blade. Although this plant was resprayed 
with the proso organism, no new lesions appeared and the onginal lesions 
did not spread. Typical colonies of the proso organism were not isolated 
from this plant and there was considerable doubt as to whether the infec- 
tion was due to this organism. . . ^ .1. 4.1. 

Although no lesions appeared on inoculated plants other than proso, 
typical lesions always appeared on proso plants sprayed with isolations 
of the organism at the same time and. kept in the same damp chambers. 
The only exceptions were the two cases mentioned above where the damp 
chambers failed to keep the plants moist. 


CULTURAL AND MORPHOLOGICAL CHARACTERS 

The organism producing the disease of proso descril^d above is a shon 
rod with rounded ends, arranged singly or m paip. Occasionally cliains 
occur. Two-day cultures on potato cylinders (stained with gentian violeti 
vary from 3.IM to 1.53^ in length and 0.9M to 0.45/1 wide, mth an avera^ 
of Lsa by 0.67M- From two-day +15 agar cultures, stained mth 
carbol fuchsin, they vary from 2.3/1 to i.i/z long by o.g/i to 0.5M mde, 
^th an average of 1.23M by 0.67/.. In one-day cultures on potato 
cylinders stained with gentian violet, the range is 2.35/4 to 1.17/4 b 
oqu to 0.45M with an average of 1.67/4 by 0.73/4. _ 

There are no spores, endospores, zoogloea or 
sides are present on beef peptone agar and other media, but do not 
readily with Ribbert’s capsule stain or other stains (PI. 4. ^)- 
Usually there is one polar flagellum, but occasionally there app 
be two or three. Flagella were stained with Casares Gils stam {PI 

'‘’At S3' C. cultures of the proso organism pown for nine days on wf 
oen^tone agar and stained with carbol fuchsin show peculiar d^b-shap 
StSs one end more or less enlarged and the other a short or 
Sil-like extension. These involution forms were observed only at -g 

**Stain 1 ng iScTroNS.-All striuns of the 
with carbol fuchsin and gentian yiolet but only 
blue. There is definite polar staining (PI. 4. I), especially 
fuchsin, which does not stain quite so heavily as gentian violet, 
strains are Gram negative and not acid fast. , 

'‘Xtrient BROTH®-In + 15 (Fuller's scale) l^eef-peptone bomjon Ji« 
is moderate clouding in 24 hours and heavy m 48 hours A thm 
forms over the surface which readdy breaks up and falls n 
Often when broth cultures are a day o d and the Hown intotb' 

very thin pellicle forms and from this the clouding extends j 

tube in fine strands. Sometimes as about tff 

heavier in the center, which hangs down into the ^ . controls- 

months’ time the inoculated tubes are a deeper color than th 
a litrie darker than Ridgway’s Buckthorn Brown. 
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There is a distinct odor of decay. When broth cultures have been 
inclosed in a case or chamber for some days the odor is strong and dis- 
^(rreeable. Only a small quantity of sediment is formed at the bottom 
of the tube which on being shaken appears to be more or less viscid but 
breaks tip rather readily to form a part of the clouding. 

Agar si^anT. — G rowth on -H 15 (Ph 6.8) beef-peptone agar is moder- 
ate, filiform, slightly raised, shining, smooth, translucent, white, some- 
times iridescent, of butyrous consistency to somewhat viscid. There is a 
stronc^ odor of protein decomposition. The medium is unchanged, 

AG'\r coloniks— O n + 15 beef-peptone agar colonies grow slowly at 
room temperature, measuring i to 1.5 mm. in 48 hours, and i to 5 mm. 
in 4 days. Colonies are round, wdiite, slightly iridescent, smooth, shining, 
raised.* The margin is entire at first but after 3 to 4 days wedge-shaped 
growths appear (PI. 4, C) around the outer edge which gives an undulate 
margin, Internally, the colonies are finely granular but the wedge- 
shaped growths have fine markings similar to those of the wheat and 
b;ir'ev organisms. There is a strong odor similar to that of B. coli. The 
center of the colony is denser and quite definitely marked off from the 
rather broad margin. Growth on potato agar is similar. 

GhlaTin colonies. — G rowth is slow. Surface colonies are circular, 
raised, with margins entire, and internal structure granular (PI. 4, A). 
Embedded colonies are irregularly lobed (PI. 4, B), Liquefaction is 
saucer-shaped, and takes place slowly at room temperature. In the ice 
box there is no evident liquefaction. The colonies grow very slowly 
and the media dries as fast as any liquefaction takes place. The only 
evidence of liquefaction in the ice box is the fact that surface colonies 
grow in saucer-shaped depressions. In one set of plates the surface 
colonies after 12 days sho\ved cup-shaped depressions in the centers 
of the colonies (PI. 4, D, E). 

Gelatin stabs. — Growth is best at the top with slight filiform growth 
along line of puncture. Liquefaction is crateriform and very slow in the 
ice box. Tubes held in the ice box for a year were entirely liquefied. 
One set of tubes were kept at room temperature. The controls did not 
liquefy, but at the end of two months the inoculated tubes were about 
half liquid. 

koTATo CYLINDERS. — Growth is moderate in amount, filiform, flat, 
glistening, smooth, butyrous, light cinnamon-buff to tawny olive (Ridg- 
'vay), with a penetrating odor of decay. The cylinders are grayed. 
Tliere is moderate diastasic action on starch. 

f EMPeratl'RE relations. — O ptimum 33"“ to 34° C. Maximum above 
45^- Minimum 5.5°. Thermal death-point about 51"^. 
i Coiix’s SOLUTION. — Growth is slight and nonfluorescent. Precipitate 
ptained from a slightly clouded tube showed many long cliains. These 
chains do nut always appear. 

^ Isciiinsky’s solution. — C louding is moderate to heavy and non- 
fitiorescent, A thin pellicle forms at first which breaks up on shaking. 
Alter a week or two the pellicle hangs in long strands down through the 

aqmd from a small surface disk. There were no long chains on stained 
slides. 


SOLUTION. — The clouding is heavier than in either Cohn's or 
schinsky’s solution. A thin pellicle forms which is not continuous but 
: nonfluorescent. Pellicle and precipitate break up on 
axing. There are no chains on stained slides. 
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Bi,ood — Growth is moderate, filiform, flat, glistening, smooth 

The medium is not liquefied. 

There is no coagulation. Clearing begins in about a week ai]( 
is completed in from four to six weeks. 

In one test, tubes 2 months old were a maize yellow (Ridgway) 
turning to brownish at the top. Other tubes 4 months old were a Sudat 
and Brussels brown (Ridgway). 

Litmus milk. —In 24 hours a blue rim shows at the top of the milk 
In three days the inoculated tubes are all light blue and by the end of a 
week are colorless. 

Methylene blue with milk.— T ubes of milk containing methylene 
blue become colorless in 48 hours. 

Indol production. — Tests were made with sulphuric acid and sodiuni 
nitrite on cultures grown in Dunham's solution for i, 2, 4, 5, 9, and 12 
days. No indol was produced in this solution, nor in one made up with 
0.5 per cent disodium phosphate, o. i per cent magnesium sulphate, and 
i.o per cent peptone in 100 cc. of distilled water. 

Hydrogen sulphid. — Hydrogen sulphid is produced by cultures on 
gelatin, beef-peptone agar, beef broth, and potato cylinders. The mar- 
gins of lead acetate paper were slightly darkened over gelatin, broth, 
and potato cylinders, and turned a dark brown over agar. 

Ammonia. — T he production of ammonia is moderate. 

Nitrate reduction. — Nitrates are promptly reduced. Tests were 
made on cultures in nitrate broth with starch water, potassium iodid, 
and sulphuric acid. 

Fermentation tubes. — Cultures I, H, and V were g^o^vn in fermen- 
tation tubes containing a i per cent peptone solution to which was added 
I per cent each of saccharose, lactose, maltose, dextrose, mannit, and 
glycerin. No gas was formed. Clouding was heavy in the open arm but 
no pellicle was formed. There was no clouding in the closed arm during 
the first few days. Tested with litmus paper the inoculated tubes were 
always alkaline whichever carbon compound was used. 

Loss OF virulence.— Loss of virulence was slight in cultures earned 
for two years. 

Crystals.— Crystals are formed along the sides of the lubes in Uscliia- 
sky's solution, and occasionally in bouillon, 

Toleration of acids. — The proso organism grows promptly and 
well in neutral bouillon containing o.i per cent malic, tartaric, and ciuk 
acids, (Ph 6.2) but does not grow at all in bouillon containing 02 per 
cent (Pr 5.0-5. 2) or 0.3 per cent (Pq 4.5-4.8) of these acids. 

Litmus sugar agar. -Cultures I and II growm on litmus sugar a;;ar 
(2 per cent peptone, i per cent sugar, i per cent agar in distilled water) 
produced no acid with the following carbon compounds: Saccharose, 
lactose, maltose, dextrose, galactose, mannit, arabinose, raffinose. 
Reduction occurred with galactose, arabinose, and dextrose. 

Optimum reaction and toleration limits in bouillon.— T he 
optimum reaction is +21 (Ph 6.15) to +24 (Ph 6.3). Toleration 
limits +33 (Ph 5-4) and -22 (Pa 10). 

Drying. — Dried smears on cover glasses usually live for five days, 
cloud sterile broth slowly when dropped into it at the end of that timt 

Freezing. — Ninety-nine per cent were killed by freezing in salt and 
ice for 20 to 30 minutes. 

* HiDGwAy, Robert, color stamdards akd color nomehclatusb. « p., 53 col. pi. 
n.C. igti. 
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Sunlight. — The proso organism is sensitive to direct sunlight — 90 
cent were killed by exposure in poured plates on ice for 15 minutes. 
rtVashington, D. C., June 22.) 

^ Vitality on culture media.- — The organism is resistant on media. 
Cultures grown on beef-peptone agar and bouillon in the ice box for 14 
months produced good growth on agar and in bouillon in 48 hours. 

Identification. — The number of this organism is 211.3332023 accord- 
jjicr to the descriptive chart of the Society of American Bacteriologists, 
1914. 

The name Bacterium panici n. sp. is suggested for this organism. 

TECHNICAL DESCRIPTION 

Bicterium panici n. sp. 

A motile ro 1 with rounded ends and polar flagella; single or in pairs, occasionally 
in diains: average measurement 1.66^X0.69^1; no spores or zoogloea; involution forms 
occur at high temperatures; capsules are formed; aerobic; on beef-peptone agar colo- 
nies are round, white, smooth, shining, raised, margin at first entire and later undulate; 
gehitin is li(|uefied slowly; milk is cleared in 5 to 6 weeks without coagulation; litmus 
milk turns blue in 3 davs and reduction takes place in 7 days; ammonia and hydrogen 
snlphid are produced; indol and gas are not produced; nitrates are reduced; diastasic 
action on potato cylinders is moderate; growth is slight in Cohn’s solution, moderate 
in I'sohinsky’s, heaviest in Fermis’, and nonflourescent in all three; maximum tem- 
perature for growth 45°, minimum 5.5'’, optimum 33 to 34® C.; optimum reaction for 
growth -f2i (Pn 6.15)- +24 (Ph 6.3); toleration limits 4-33 (Pg 5.4) and -22 (Ph 
10): gram negative; not acid fast; stains readily with carbol fuchsin and gentian violet 
and lightly with methylene blue; sensitive to drying; 99 per cent killed by freezing; 
90 per eent killed by sunlight; retains vitality on culture media for 14 months; patho- 
genic on varieties of proso producing narrow, brown, water-soaked streaks on leaf 
blades, sheaths, and culms. 

COMPARISON WITH BACTERIAL DISEASES OF RELATED PLANTS 

A. A. Crozier, in a bulletin on millet published at the Michigan State 
Agricultural College Experiment Station in 1 894 (j) , makes the following 
statement under diseases: “The sorghum blight {Bacillus sorght) was 
present in several of our samples of German millet this year, appearing 
as black streaks in the leaves, but doing no particular damage.” 

This is the only reference to a bacterial disease of millet found by the 
writer. It is possible that these are lesions produced by the organism 
described in this paper, but no work appears to have been done on the 
disease. 

Bacterial diseases of both broom com and sorghum have been de- 
scribed. In 1887 Burrill described a bacterial disease of broom com and 
sorghum {1,2). The plants ^vere described as being yellow and sickly 
in appearance with the lower leaves dying first, but the most conspicuous 
signs of disease were the red blotches of all sizes and shapes on the 
leaves and sheaths and even on the brush of broom corn. He states 
that numbers of bacteria were observed microscopically in the diseased 
tissues, the organism was isolated, and successful inoculations were made 
from cultures and from macerated diseased tissue. The organism was 
named Bacillus sorghi. 

In 1905 Smith and Hedges (7) described a bacterial disease of broom 
as occurring on the Arlington Experiment Farm at Washington, 
b. C., in 1904. They state, “The elongating red blotches were extremely 
numerous and fused readily, causing tlie death of many large leaves." 
«acterial exudate in the form of red cnists or scabs is described as 
occurring on the undersurface of the spots. A white organism was 
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isolated and successful pure culture inoculations made by spraying 
with water suspensions of the organism. Organisms obtained frogj 
leaf spots on sorghum produced the characteristic lesions on broom com 
Lesions on broom com are illustrated in the first volume of Smith’j 
Bacteria in Relation to Plant Diseases (5, pi. 20). In Volume II 
p. 6^64) Doctor Smith shows cross sections of leaves illustrating stom' 
atal infection. In a footnote he gives the organism the name Backriuju 
andropogoni, with a brief characterization {6, p. 6J), 

In both diseases on broom com and sorghum tlie lesions are described 
as red blotches of varying size and shape. The reddening is, of course 
a host reaction which can also be produced by mechanical or othei 
injury. Proso plants do not react in this way. Reddening does not 
follow bacterial invasion or other injury, and consequently bacterial 
lesions are not red but water-soaked and brown. Realizing that it 
might be possible for one organism to infect plants of closely related 
genera and produce a different host reaction in each, these diseases!)! 
sorghum and broom com were kept in mind while working with the 
proso organism. Cultures of Bacillus sorghi and Bacterium andropooon\ 
were not available for cross inoculations, and unsuccessful attempts were 
made to infect various kinds of sorghum and broom corn with the proso 
organism as described above. Twelve inoculations on sorghum, hrooDi 
com, and related plants produced no lesions, while proso plants inocu- 
lated at the same time and kept under the same conditions developed 
typical lesions. 

A comparison of the cultural and morphological characters of these 
three organisms brings out important differences. The fact that Burrills 
organism was a bacillus precludes further comparison with the polar 
flagellate organism infecting proso. It produces spores and does not 
liquefy gelatin, while the proso organism does not produce spores and 
liquefies gelatin slowly. 

Bacterium andropogoni, E. F. Smith, and the proso organism are both 
polar flagellate, white, slow- growing organisms producing no spores, 
bluing litmus milk, producing no indol. They differ, however, in impor* 
tant cultural characteristics. Bacterium andropogoni is sticky on agar 
and hard to remove, while the proso organism is butyrous. Bactenm 
andropogoni does not liquefy gelatin and does not reduce nitrates. The 
proso organism liquefies gelatin slowly and reduces nitrates promptlv, 
These cultural differences, combined with the lack of infection onsorglium 
and broom corn with the proso organism, lead to the conclusion that the 
two organisms and diseases are distinct. 

DISSEMINATION OF PROSO ORGANISM 

During the growing seasons of 1921 and 1922 seed of Early Fortune, 
was sown at Tuxedo, Md,, on ground which had not, as far as kno^ni, 
ever been sown to proso, certainly not for several years. In 1921 
seed was sown late and the season was dry. Only scattered lesions of the 
bacterial disease appeared on the leaves and peduncles of the plants- 
Isolations were made, however, which produced the disease on grefiS' 
house plants during the winter. The seed from this plot was planted 
1922 on ground about 200 feet from the 1921 plot. For several weeKj 
after planting there was a great deal of rainy weather, and temperature-' 
and humidity were high. When the plants were about half grown there 
was 100 per cent infection and about lo per cent of the plants had been 
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lied by the disease. In many plants the youngest leaves and growing 
lint of the stem were brown and water-soaked. Many plants showed 
faction at the crown, being discolored and readily pulling away from 
e roots. 

It seems probable that in both the 1921 and 1922 plots the initial 
factions came from the seed and in 1922 the rainy weather was responsi- 
e for the rapid spread of the disease. Methods of seed disinfection 
.ve not been worked out. 

SUMMARY 

Proso or broom corn millet showing brown, water-soaked streaks on 
e leaves, sheaths, and culms has been collected at Brookings, S. Dak., 
id Madison, Wis. These lesions are one to several millimeters wide and 
1111 one-fourth to several inches long and show numerous thin white 
ales of exudate. 

A white polar flagellate organism has been isolated from these lesions 
bicli readily reproduces the disease when sprayed onto healthy plants. 
m organism differs culturally and morphologically from organisms 
tacking related plants and the name Bacterium panici is given. 

The disease is probably transmitted by seed. No methods of control 
ive been worked out. 
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plate; I 

Early Fortune proso. Head just pushing out. Natural infection with bacttii) 
disease. Madison, Wis,, July, 1920. Slightly reduced. 

(160) 



Plate 1 






A Bacterial Stripe Disease of Proso Millet 
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PLATE 2 


Early Fortune proso. Natural infection on blades and sheaths. Madison, W 
lly, IQ20. vSlightly reduced. 



PIvATe 3 

A. —Natural infection on Early Fortune proso. Note heav7 infection on twoyoQUi 
cst leaves and the dark central axis which has been killed by the disease. MadisK 
Wis., July, 1920. Slightly reduced. 

B. — Early Fortune proso. Lesions produced by spraying greenhouse piatjtsri 
culture V, February 25, 1922. Photographed March 4, 1922. XiK* 
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PL ATI? 4 

|L, -Culture I. surface colony, 5 days old, on +13 gelatin X4()i. X 90, Transmitted 

It 

S.-Culture I, embedded colony, 5 days old, on 4-13 gelatin X49r. X 90. Trans- 
ited light. 

Culture II, surface colony, 4 days old, on 4-15 agar showing V-shaped growths 
margin. X 10. Transmitted light. 

Culture I, surface colony, 5 days old, on 4-13 gelatin showing depressed centers 
Rejected light. 

1.— Culture I, surface colonies, 10 days old, on 4-13 gelatin showing depressed 
iters. X15. Reflected light. 

h— Culture I, involution forms grown for nine days on beef agar at 33® C. X 1,500, 
T— Culture. V, beef-agar cultures stained wuth Ribbert’s capsule stain. X 1,900, 
I.~Culture II, 3-day-oId, on 4-15 agar. Casares Gil stain. X 1,400. 

.—Culture I, one-day culture on potato. Polar staining. Carbcl fuchsin stain, 
1,700, 




urTORS WHICH DHTERMINE OTOCEPHALY IN 
^ GUINEA PIGS' 

• '\iL Wright. Senior Animal Husbandman in Animal Gcueiics, and Orson 
V Scientijic Assistant in Animal Genetics, Animal Husbandry Division, 
iitfd Stolen Depart^nent of Agriculture 

INTRODUCTION 


early all of the recognized types of monstrosities have appeared in the 
k of t^uinea ]ngs maintained by the Bureau of Animal Industry for 
‘tic exj^erimentation. The most abundant type, unless all tliose 
I leg or toe abnormalities are lumped together, has l^ieen that which 



'Itroy Saiut-Hilaire {7)^ called “otoccphalieii" in his classical mono- 
pi' on the subject. Certain of the grades arc of the well-known 
lopcan type. 

lie most characteristic feature of these monsters is the close approach 
lie ears, there being in most cases but a single median opening in the 
)at. ilicre has been wide variation in the degree of defect, but all 
cases observed in our stock of guinea pigs fall practically into a single 
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T' uw IS made by number (italic) to ‘ ‘ literature cited , ” p. i Eo-iSi . 


!fl Research, 

“'iglon, D, C, 


(161) 


Vol, XXVI. No. 4 
Od , 57, 19*3 
Key No, A— 64 



i 62 


Journal of Agricultural Research voi . xxm ,;, 


series of increasing defectiveness. Twelve grades, based on extern 
appearance, have been used. These are shown somewhat diagi^j. 
raatically in figure i . Photographs of certain of the grades are sbj 
in Plate i, A and B. 

GRADES OF OTOCEPHALY 

In grade i the only obvious defect is more or less reduction of the W 
jaw. In grade 2 no mandible can be felt externally. In grade 3 the^^ 
are connected under the throat by bare skin. In grade 4 there is on]v 
single median ear opening on the throat. In grade 5 the mouth a: 
upper incisors are lost. In grade 6 tlie nostrils fuse. In grade ;»;• 
eyes are in contact below a narrow nasal proboscis or are more or;e 
fused. This fusion is complete in grade 8. The proboscis is lost 
grade 9, the eye in grade 10, and the ear opening in grade n. p 
small ears are "the only externally visible organs of the head left, 
grade 12 the body rounds off in front of the shoulders, \vith no sign • 
head except a single small median external ear. This is the most a 
vanced grade which has been found. 

The internal anatomy has been studied to a considerable extent in t:; 
various grades, but will not be described in detail in this paper, i; 
may be said, however, that all the changes from grades i to 4 areapiix- 
entlv consequent on reduction in Meckel’s cartilage. In grade i s- 
mandible is a short, flat crescent of bone firmly united to tlie redw; 
tympanies and hence to the upper p3,rt of the skull. The zygonca:; 
arches are in contact or more or less fused posteriorly. The ear ossci;: 
are fused and concealed by the reduced mandible. There is a iiitu;: 
cavity, bounded ventrally by a mass of muscle in place of the lower iir 
The pharynx is necessarily very naiTOw in passing between tlie up.!:, 
part of the skull above and the fused zygomas, and the fused ear osscic 
and reduced mandible below. It expands posteriorly into the su: 
middle ear. Posterior to this a swelling in the floor represents the tor.::; 

A new series of changes begins with grade 5, in which the zygoir.. 
fuse anteriorly as well as posteriorly and the tooth-bearing poriioii'; 
the maxillaries is lost. The cause is probably arrested developinf;i‘! - 
the fronto-nasal process. Beginning with grade 6, changes in the br- 
become well marked. The cerebral hemispheres fuse in grade 6, ib u 
retaining about the normal shape and size. The fusion spreads bi - 
the optic chiasma in grade S, and there is contiaiially increpng ij- 
ti()n in size of the fore-brain sac relative to the cerebellum in giuuo 
8, 9, and 10. The median optic nerve of grades S and 9 bp - 
<Tade 10. In the specimen of grade ii which was examineo nci;!:.; 
was left of the brain but the medulla. The skull was reduced to aiais- 
normally shaped but undersized occipital ring posteriorly and norma, 
sized but distorted periotic capsules anteriorly, with four rmnute^- 
bones (interparietal, parietals, fused 1 rentals) between the lai-te.. | 
persisvence of the parts of the inner car-cochlea and seniicar^*^^ 
canals— is noteworthy. The iciicslrae, however, were found to be ao. - 
111 all specimens in which the ear ossicles were fused— that is, m 
specimens oi grade 3 and all of higher grades. The body ordinary ^ 
plum]) and apparently normal, even in the most advanced graoes. 
internal abnormalities have been found in the body. 
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HISTORY OF THE GUINEA PIGS 

The distribution of these otocepliali by grade among the inbred families 
j other related experiments is shown in Table I. The inbred families 
I’C been maintained since 1906 wholly by matings of brother with 
■er except for Family 4, in which parent-offspring matings were the 
e :/5, r6). The foundation pairs of most of them (No. i to 24) \vm 
:en from a stock which had been maintained since 1894 by the Bureau 
Animal Indus ti}' without the introduction of fresh blood. The females 
Families 31 to 39 came from this stock, while the males were bought 
jii a dealer. At present only five families {2, 13, 32, 35, and 39) are 
maintained. 

5tock B represents the original stock, maintained with careful avoid- 
X- of matings closer than third cousins. Numerous crosses have been 
do among the families. 

.11 addition to the 82 octocephali shown in Table I and subsequent 
ile>, there are records of two of unknown grade in an early experiment 
which full data are not available. 

lm.stribution among inbred families 

Hie considerable number of otocephali which have appeared in the 
ired families at first seems to support the old belief that inbreeding 
;lf leads to the appearance of monsters. Further consideration, how- 
T. throws doubt on this conclusion. We find that 14 inbred families, 
h a total of 12,037 youngg produced no otocephali at all, while 50 of 
: appeared in one family, No. 13. This family produced 1.54 per 
it, while only o. ii jier cent appeared in all other inbred families, taken 
leotively. 


JLi- l.—The number of otocephali of each grade among 24 inbred families, crosses 
imolving these jamilies, and a random-bred control stock, throiigh June, ig22 
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Inbreeding' resulted in a decline in vigor on the average in all reso^- 
including the weight at birth and later ages, size and frequency oHu^ 
and the mortality at birth and later. The families differed greatlv 
the de^gree of the dechne. It might he thought that the families wv 
declined the most in vigor would produce the most monsters. It liam;tr 
however, that Family 13, with by far the highest percentage of otoeqA^ 
was also tl:e most vigorous on the whole ol the 23 families up to ic- 
It has always been among the best three in weight at all ages and in ;; 
of litter, and is the only family which was better than the average h: 
respects studied. Among the five families now on hand it still produc 
the heaviest pigs and the largest litters. Tl:e two weakest fannhej 
nearly all respects were No. i and 15, which produced no olocephat- 
monsters of any sort except for one clubfoot (cctromelus) m Fainilv 
It is clear that the production of otocephah is not merely a manifesi;:;;-: 

of lack of vigor. , 1 • • 

The conclusion which is forced upon us is that there is an nnp^:nr. 
hereditary basis to otocephaly. The part which inbreeding play:-; hr; 
as in other cases, is merely to bring clearly to light the hereditary dit;' 
ences between different strains. Indeed, the iact that one 
otocephalus appeared in the control stock B indicates that Ihe tenhr,; 
was probably present before the inbreeding commenced. 

distribution by GHNKRATIOXS 

The distribution of the otoccphali within Family 13 and within lam 
32. which stood second in their production, is of interest. In the fonr: 
the first otocephalus appeared in 1908, in the second generation ; 
inbreeding, but there were no others until one came in the eighth p 
ration in 1912. Twenty-five of the 50 in this family appeared mu 
seventeenth and later generations and no fewer tlian 17 in the twoni.'. 
advanced generations, the Uveniicth and twenty-first. I his again 
gests the traditional cumulative effect of inbreeding. The lustorv 
Family 32 however, happens to be nearly the reverse. The iiir;e 
phali were produced in the third to the eighth generations among it. 
voung. Not one has appeared since the eighth generation (1,51^ yon:.. 
in contrast wdth 48 in Family 13 in these generations, althougfi t.nc 
families have run roughly parallel in number of young and genei. 
of inbreeding. Family 32 has now (1922) reacned the 
generation. The other families show no tcndericy toward mo f'--; 
appearance of otocephali. Only 1 out of 19 has appeared saw. 
thirteenth generation, altliougli one of these families has reac.^eu . 
twenty-fourth generation. -i . 

Under the svstem of brother-sister mating, each laniily leiKib 
up into subfamilies. The subfamily which happens 
rapidly in inbreeding tends to displace the others. J 

contradictory results in Family 13 and the others, 
tion bv generations, are readilv reconciled by the hypothesis that 
segregkion of the hereditary factors for otocephaly and that A ^ ^ 
chance whether the subfamily which receives such factors to tnct, 
extent is the one which pushes ahead most rapidly. 


■ The data for Family 4 have not been analyied 
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DISTRIBUTION WITHIN FAMIUY 


,;ourM study of the history of Family 13 brin^^s out additional 
. ,.i .merest. Ti e ines of descent are shotvti in figure 2 Ti e 
pliaii are represented by circles. * ■ ine 

. .cautres tvhich stand 0, it in the chart are tlic clusters of otocephali 
■am .mos and their absence in other important subfamilies The 
iciMA y Fa.iiiK 13 was mateu twice. Ko otocephali appeared 
_ :.U .,04 dcs^ndants ol her first male (a line not sLtvn it figure 
.lie ..itoccp.iyi^descend from a mating in the second general'oii 
..iCft l.ac tp, • .-tnother second-generation matim- (it-'-m 
: aesceiidants, but none w ere otoceplialic. Four subfa tifil es niav 
„4ii:/ed as springing Iron, .3-2-5 i„ the third or fourth generation 



iT"' “nd namilr since all matinss have been 

aV^the to the foundation 

represent the 

■; "• (pr4-Q, 

i!o oiDcephali 


3 --.V- 13 ) 

Ot^c int; 


v.ith tpG ana 30: vouinr, respectively 

I'raiiches «ther line.s. 

' inbred lam', ™ conipimison 
nereem ''^ve been 

'■J= ^'Wch the m-Kh-icv see ■ 'e.I t ’'^“'■'’'''5 

clusicr of V , m 1 to a noteworthy extent 

■•""“t; - 333-1. This mating" and ib 

■•:'«ito,ay nrod ced'" "'e will 

'■stable epidmic of otnreng“! "3 -t «"t. 

' Sfiieration from i ! f The T ' m the 

b? lo-i. The SIX matings of this group have 
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produced 1 7 of the monsters among 79 young, “ or 21.5 per cent. A tii:.. 
fairly noteworthy cluster takes its origin in mating 13-16-3 from 
nearly 3 per cent have been otocephali. This line has a common ance??,. 
with 13-13-1 only in the ninth generation. (Table II.} 

Tabi.R U— Number and percentage of otocephali among the descendants of 
matings in Family IJ, The mating is designated by the genetaiion follow'd 
arbitrary number 


Matings of Family 13 . 

i 

1 Otoce- 
‘ phali. 

Total 

young. 

0~I 

; 

0 

404 

0-2 

- 50 

2,849 

2-6, 7 

• : 0 

201 

2 - 5 -- 

50 

2, 636 

3-13 

0 

301 

3-1 1 

• 1 ^ 

150 

S-I2 

•1 47 

2, 168 

4 -i) 

.i 0 

196 

4-18 

■! 47 

I, 960 

8-1 1 

■! 5 

625 

8-3 

■1 42 

I, 291 

13-7- ■ • 

■ 

637 

16-3 . . . 

. ; 7 

263 

13 I, . . 

,1 26 

291 

10- 1.. . 

. . ! 17 

79 


Per 


otoce- 

phali. 


Kx eluding mating 19 -t j Excluding malinj 
and descendants j and descendants ’ 

1 i Per : 1 Pf. 

Otoce- 1 Total ! cent ' Otoc^ Total tfj; 
phali, ] young. ‘ otoce- ; phali, [ young, ot-i 

1 ; phali. | j 

1 ^ : 

1 ,3,3 

2, 770 I. 2 ; 24 1 2 , 55S ; 

.53 

2,557 ^ 1-3 ! =4 : 2,345 : 

1 


! 30 

2 , o8g 1. 4 ' 21 ; T,,S7; ; 

1 

I, 881 1.6: 21 I, 66rj i; 

! 25 

1,212 2.1 16 1, 000 : : 


i ■ : ■ 


8.9 1 
79 j 2'- 5 ■ 


Summing up, we mav sav that of six early sublines of hamiK 13, 
showed no tendency to produce otocephali, while the other two probab. 
soon acquired, if they did not start with, a tendency to produce ate 
I per cent. One of these became the main line of the family and ta. 
rise to sev'Cral important branches, all ot which show'ed the teiidero 
an unusual extent, A sudden jump to about 4 per cent seems to -.u- 
occurred at some point in one subline, :vilh a second jump in the » 
line, six generations later, to more than 20 per cent. r % . 

The distribution nothin Family 13 adds to the evidence for ^ 
as an important basic factor. The mechanism of this hercdit\, iiO.u .e. 

is far from clear. . , 

A single recessive factor is as much out of the question as a 
factor. The ratio of normals to otocephali is 493 to 50 (9'9 
Family 13, and 346 to 32 (10.8 to i) in other families within those 
which" produced at least one of the monsters. It can not be au-j 
that a great many other matings have an equally strong ^ 

fact, 43 of the 58 matings included above produced only one 
each, II produced only two each, leaving only 4 which ha^e p • 
three or more. If each mating had produced 
instead of about 16 on the average, there can be .tio doubt that i 
would be nearer to 100 to i than 10 to i, except in the siu' 
of matings descended from 13-19-1, , 


* Ten more . - 

Irom July. i9j». through September, X9J3. makmg 


otocephali and 36 normal young have been produced by ^is line 0 : J* **' 

,11. throUEh September. xoj 3 . making a toUl of 27 otocephali out of us V 


cent. 
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t mav be thought that the cooperation of a large nuniber of factors 
iia'cssary for the appearance of the defect and that only in the 
:ter mentioned has homozygosis been reached in a sufficient number 
hese factors to give one or two factor ratios. This hypothesis, how- 
1-^ is untenable in view of the system of mating. ' Brother-sister 
ting leads automatically to rapid increase in homozygosis. After lo 
eradons less than 6 per cent heterozygosis should be left. If oto- 
halv is due to the cooperation of many factors, inbreeding should 
i rapidly to the disappearance of otocephali in the great majority of 
through homozygosis in some one or more of the normal allelo- 
rphs, while the fe^v lines in which all the factors for otocephaly persist 
uld be soon producing 3 :i ratios because of homozygosis in all but 
of the factors. The history of Family 13 is wholly at variance with 
;e conclusions. 

here is one mechanism by which rapid increase in homoz3'’gosis would 
prevented. If a necessary factor for otocephaly were linked with one 
lal factor and balanced against another, it could be carried on indefi- 
‘]v in a heterozygous condition, otocephaly only appearing on the 
nrrence of a crossover. By complicating the situation with other 
lals the observed results could readily be explained, including the 
(!cn increases in the percentage at various points in the pedigree, 
niortiiiiately other considerations make it very doubtful whether the 
.imption of balanced lethals is tenable. With balanced Icthals the 
: ol litter should be greatly reduced (halved except for the higher 
:entage (j 1 embryos absorbed in large litters), immily 13, as pre- 
usly stated, has consistently been among the best inbred families as 
ards size of litter. During the period from 1916 to 1921, in which the 
jority of its otocephali were produced, it was the best of the inbred 
lilies. Its average in these years has been 2.53, as compared to 2.33 in 
• total inbred stock and 2.65 in the control stoek. Moreover, with 
:efent systems of balanced Icthals among the inbred families, one 
uld expect an increase in the size of litter when a female of one family 
mated with a male of another or with a crossbred male. No such 
roase has taken place in extensive and carefully controlled experiments. 
£rc is indeed an important increase (about 12 per cent) when the cross- 
d daughters of such matings are themselves mated, whether wdth a 
teer, an unrelated inbred, or a crossbred. But this indicates that size 


liter IS determined by the breeding of the dam, and not of the young 
niselves, as should be the case with balanced lethals, 
f the otocephali are not Mendelian segregates the possibility must be 
tsidered that they are mutations or due to chromosome aberrations of 
le sort. The sporadic occurrence outside of Family 13 is reasonably 
larinony with this view. The number and distribution in Family 13, 
fever, can not be explained satisfactorily in this way. It seems clear 
t a genetic factor or factors for otocephaiy must be transmitted by 
^lials in Family 13. ^ 

friis neither Mendelian segregation, even with balanced lethals, nor 
; ^^tion, is a satisfactory explanation by itself of the observed distribu- 
i, these explanations it is assumed that the otocephali 

. differ genetically from all normals. But even if the difficulties 
P ese purely genetic explanations were less, the continuous grada- 
Lwff which can not certainly be distinguished from 

iind almost completely headless condition of grades 

f ^ 12, should lead us to suspect that some guinea pigs, at least, with 
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the genetic constitution of an otocephalus, would yet be normal 
would live and breed, while the genetic copiderations lead us 
that all animals in a given advanced subline of an inbred family art' 
the same or very nearly the same genetic constitution. We can 
in harraonv with the experimental results of Dareste (2), Stockard (5, ! 
Lewis (3)," Werber {xi), and others that the actual occurrence oi ^ 
otocephalus or cyclopean \\ithin such a line is due to particular enviir; 
mental conditions. The part which genetic factors play is to tleterm;: 
differences in the susceptibility to such conditions. There is segrcgaii' 
of different degrees of susceptibility in the early generations of sacli 
family as No. 13, followed by the relative fixation of a particular h 
in each subline as some combination of favorable factors becomes hoc 
zygous. Thus lines starting from matings and 

which about i per cent develop into otocephali under the prevaiIir.;TL\ 
ditions, segregated from the lines starting from 13-2-7, 13-3-13. c 
J3-4-9, in which none developed. 

The sudden jumps in the percentage of otocephali startirg Ir 
13-19-1, and perhaps 13-16-3 can probably best be interim; 
as mutations. The experiments of Dareste, Stockard, and others ha.: 
shown that otocephaly or the closely related cyclopean coiiaition !>; 
defect which can be brought about by a great diversity of ageTiis.ie:: 
iierature, low oxvgen pressure, magnesium salts, butyric acid, ande^i: 
mechanical disturbance. Apparently anything which depresses iiictaD: 
lism sufficiently at a certain critical moment in development acts mri 
drastically on the sensitive anterior end of the central nervous sysien 
resulting in this type of monster. It is to be expected that the genu 
factors which determine high or low resistance to such conditions 
also be highlv general in nature. Any factor which influences 
of metabolism at the critical moment should have the same effect It 
mutations which influence the tendency toward otocephaly shoulc : 
relatively numerous. Most of them should increase the tendenev or: 
principle that a chance mutation is more likely to dist^b normal aop 
ments than to improve them. Thus the pedigree of Family 
I per cent tendency starting from 13-2-5, jumping to a 4 per cenUe: 
ency in one subline ii generations later, and this suoune lumpin: 
more than 20 per cent in a branch six generations later, is ]U5t iv. 


should be expected. , xt 1 

The distribution in other families, such as No. 19 and 32, m wuc* > 
otocephali occurred only in early generations, is explainable as 
of early segregation and chance displacement of the suscepiibn -- 
by resistant ones. Family 13 might have had this history if u iiM - 
the descendants of 13-3-13. which had multiplied most rapidl), 


of those of 13-4-18. 


THE RESULTS OF CROSSES 

If there are genetic differences only between different inbred^ 
not within diem, it is not an easy matter to learn much of the ^ 
their inheritance. There is one point of derable 
however, on which there is some evidence. It is c 
otocephaly may be a maternal character so far as its "eredit^)^ 
concerned. That which is inhented may be a ‘Hmport*' 

implantation of the ovum (the factor Mall ““^idered most imP ^ 
or a tendency toward the production of toxic metabohe proau 
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bsenuent injury to the offspring (as suggested by Werber {ri) in 
niiection with experiments on butyric acid and acetone). 

!<■ the ^enetic element is of any such kind, females of Family 13 should 
duce as high a percentage of otocephah in outcrosscs as in matings 
th bi'others^ A large number of outcrosses of this kind have been 
de all of which time Family 13 has lieen 

niposed exclusively of high producing lines and has produced an 
rera'^e of 2.7 per cent otocephah. There have been 71 1 young from 
ossel in which the dam was of Family 13 and the sire eitlier an inbred 
a cross between two other inbred families. One otocephalus appeared, 
frequency of one-seventh of i per cent, where some 19 were to be 
•nected on the basis of the production of such females mated with 
•others during this period. The single otocephalus was sired by a 
a!e from a cross between Families 32 and 39, the former of which 
•Cniuccd 9 otocephah itself. 

Air.on:-; ’,73 young whose sire w^as of Family 13 but whose dam was of 
j(>dter family or unrelated cross, tlierc were no otocephah. There was 
so none among about 3,000 a'ossbred young, neither of whose parents 
id blood of Family 13. Two, however, were produced by crosses in 
hicli Familv 13 was involved on both sides. One of these was a three- 
iartcr-hlood, dam of Family 13 and sire from a cross betw'een Families 
I and 34- There have been 147 three-quarter-blood young whose 
nns were of haniilics 13 and 1S9, none otocephalic, from the reciprocal 
rpe of maiiiig. The other crossbred otocephalus was from a selection 
tperinient (CL). Both the sire and dam were one-quarter blood of 
amilv 13. Among 234 Fj young from crosses between Family 13 and 
her faniihes, there w ere no monsters of this kind. 

'lliis study of tlie crosses again indicates transmission of the otoce- 
iialic tendency from Family 13. It also indicates that it is not a 
aiernal character. 

SEX 

Table III shows data on tliesex ratio amongotocephali. Both in Family 
; and in the other families there have been more than twice as many 
males as males. In all there have been 35 females and 26 males with 
inidetermined, a sex ratio of 47.3 a^ compared witli approximate 
juality among all tlie young from the same matings (sex ratio 97.0). 
lere is here a departure of 4.8 times the probable error. Such a de- 
LTture would occur only about once in Soo times by chance. It is 
us faiily certain that female sex predisposes toward development of 
iis delect. possible explanation is that the level of metabolism is 
v\er in female than in male embryos at the cri deal moment in develop- 
ent. rendering them more easily depressed by unfavorable conditions, 
ich an interpretation is in harmony with the view^s of Whitman and 
iddle { 12 ) on the early differentiation of the sexes. 
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Table III . — The number of males, females, and young of undetermined sex, andiia. 
ratio among ike otocephali in the litters and from ike matings containing 'J 
{otocephali included in ike latter classes) 



Family ij. 


Others. 

1 


Total. 


cf 

9 

?» 

1 Sex 
ratio. 

e 

5 


Sex 

ratio. 

e 

9 ^ 





Per 




Per 


f 



1 


cent. 




cent. 



Otocephali 

Litters with 

16 

33 

I 

48 - 5 

10 

22 

0 : 

45- 5 

26 

55 I 4 

otocephali 

Matings with 

55 

66 : 

4 

83-3 ' 

44 ^ 

48 

1 

91. 7 i 

99 

114 4 U 

otocephali 

253 , 

279 

II 

90,7 

194 

182 

2 

106. 6 



447 

46^ 


• Undetennined. 

ENVIRONMENTAL CONDITIONS 


The data have been studied carefully for indications of the effects [; 
environmental factors. The size of litter, birth weight, and mortal 
at birth and from birth to weaning are characters which are grta'y 
affected by external conditions. The month of birth is important, m 
conditions have usually been distinctly poorer in winter than dura; 
the rest of the year. The possibility that birth rank (first, secoK 
third litter, etc.) may play a part has also been investigated. 

In these studies a control is necessary. The averages for tlie cni’ 
acters listed above have varied greatly from year to year in all stoK 
depending largely on how the guinea-pig colony has passed through th 
winter. There has also been a decline, due to inbreeding. Thus t 
records of stocks producing young at approximately the same tir.: 
should be used as a control. The best plan has appeared to be to con- 
pare the otocephali with their litter mates and both of these clas>ei 
with the young produced by otlaer litters from the same matings. 

Family 13 has been dealt with separately from the other stocks. !: 
will be noticed that its records are usually sonievchat lower. Tliis iug; 
appear to contradict the statement previously made that Family 13 vn; 
the most vigorous of the inbred families, notably in size of litter a:.; 
weight. The explanation is that most of the otocephali of this la’.;; 
came in the later years, when there had been a decline due to inlTCoa::. 
and, in certain of which, conditions were at the poorest (as judged O; 
tlie control stock) while most of the other otocephali came in ear.; 
years when there was less inbreeding and conditions were better " 
any given year. Family 13 stands out as the best of the inbred laiir'* 
in these respects. 

BIRTH RANK 

Table IV summarizes the data on birth rank, showing the birth raci 
of otocephali in relation to that of all young from matings which 
duced them, with the omission, however, of two matings whicii 
duced only one litter each (containing five young, of which three^^vefi 
otocephali). All matings included produced at least three litters - 
fair comparison can accordingly be made of the percentage 01 ot' 
cephali in first, second, and third litters. A slightly smaller . 'j 
is to be expected in the fourth and later litters for obvious stahsi 
reasons. 
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rank of otoccphali in relation to that of all young from matings 
^ukkh produced otocephalt, excluding tu'o matings which produced only one litter 
tacit 




Rank of litters. 

Tout 

1 

Last 

re- 

cord- 

ed. 


1 

i 

It 

ISS 

7- 1 

3 1 4 

S 

{ 

6 

7 

s 

0 

.0 

■> 

12 



i 

: 17 

I I4S 

II. 7 

i 

t; j ro 
l 5 i , 13(> 
10.6: 7., 

6 

lOJ 

i 

7 

1 So 

177 

3 

43 
! 6.3 

1 

36 

a. 8 

1 

4 ; 

i ' 

O ' 4 

6. 7 

10 

IQ, 0 

4 

79 

8.6 

to 

1 6 s 
6. 1 


The impression which one obtains from the table is that birth rank 
i of very little importance. An otocephalus is about as likely to be 
oni in one litter as another. It is true that first litters show some ex- 
ess over second litters, but the excess over third litters is insignificant. 

percentage in last litters from these matings (third to twelfth litter) 
ras a trifle less than in the whole population (6. 1 per cent as compared 
riih 8.6 per cent). 

i I'irst litters are born predominantly in winter when conditions are 
jnfavorable, the majority of matings being made in summer, half a 
[ear earlier. Any slight tendency toward excess of otocepliali in first 

t iers mav be due to this cause. We conclude that there is no demon- 
able difference due to birth rank. 

SEASONAL FLUCTUATIONS 

The number of otocephali born in each month in comparison with all 
)iing from the same matings is shown in Table V. It will be noticed 
lat there is no very conspicuous difference among different months, 
[It that a somewhat higher percentage of otocephali are born in the 
lonths from January to April, inclusive, than during tlie rest of the 
sar. During these four months Family 13 produced 42 per cent of its 
Incephali while tlic' same matings were producing only 27 per cent of 
jcir total young. Similarly, the other stocks produced 44 per cent of 
leir otocephali while only 30 per cent of their xoung ^vere being born, 
hi- application of the test to the number born in each month, 
ssaiumg 8.9 j)er cent as the expected figure in each case, gives the prob- 
bilily of 0.363 that the distribution is random. If, however, the year 
broken into four-month periods for application of this test, the prob- 
bilitv Ixromes only 0.013. Thus there is a distinct indication that 
lore otocephali are l)orn ioJlowing the unfavorable winter conditions 
lati in the rest of the vear, but it is only an indication. 


ABUv \ —The month of birth of otocephali in relation to that of all young from, matings 
which produced otocephali 
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It is interesting to comi)are the raontlily percentages of otocept.- 
witli the monthly averages in size of litter and in percentage of i]; 
normal young raised to weaning, among the young from the same 
ings. Size of litter and mortality before weaning are characters which 5:. 
known to be ahected to a marked extent by seasonal conditions, t;! 
monthly averages ior size of litter, percentage of young not otocephajij 
and percentage of normals raised to weaning are shown graphicaliv f; 
figure 3. In order to smooth out the irregularities due to small numbe:;' 
the figures for each month were combined with those for the preccdh? 
and the following month and averaged. These smoothed averages art 
shown by tlie heavy lines. The three curves show considerable similariiv 
In order to bring this out more clearly, however, it is necessary to cor, 
pare the percentage not otocephalic with the size of litter about hahi 
month later and the percentage raised of die preceding month. 
curves are shoved over in this way in figure 3. Such relations 
not unexpected. Size of litter is presumably largely detennined by(i,r. 
ditions two to three months before the litter is born, the gestation pcrioc 
bciiig about two montlis and a week. Development as an otocephd^ 
must be determined very early in development, probably before fa 
appearance of the medullary plate, from the experiments of Stodari 
and odiers. Assuming that the condition of the dam has an influem, 
poor conditions should result in otoceiihali a little earlier than in siri 
litters, but an effect on die mortality of the young should appear sti: 
earlier. The conditions during the month preceding birth are proliair, 
most important in this connection, their cumulative elTect determiriir.; 
the mortality at birth and between birth and weaning. Most of te 
which die before weaning are undirifty from the hrst. 

The correspondence between the monthly fluctuations shown intlt 
figure, after allowing for a reasonable lag in each case, adds considerdo 
to the evidence that seasonal conditions play a part, if not a verygria: 
one, in determining tire occurrence of ntocephali. 

SIZE OF LITTER 

As just pointed out, size of litter is to some extent an indicator of lav 
orablc or unfavorable conditions at the time of conception and dicra" 
before. We have just seen that smallness of litter and percentage ■: 
otocephaU show parallel seasonal fluctuations with a lag of only a&/;: 
half a month. It is interesting to make a direct comparison between tie 
size of the litters in which otocephali were born widi the size of Ihciiets 
which nonnals were born. Data arc given in Table VI for otocepha:L>3- 
producing matings. The number of otocephali and the number of cn- 
mals in each size of litter is shown, togedier wiih an average. 
average gives the size of litter relative to individuals, and so is 
sidcrablv larger than when the litter is taken as the unit, as in 
Both in I-amily 13 and in tlie other stocks otocephali were born in smaiie 
litters ilian normals, and in the former case the difference is 4.7 
probable error, although only 1.5 times m the latter. In both 
there is a dirfcrcuce of 4.4 times the probable error. There can be 
question that conditions which determine small litters are relatively ^ 
to cause otocephalic development. The importance of such conditio 
however, is not great 
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Table VI . — The sizes of the litters in irJikh otocephali "irere born, as compared 
of their normal brothers and sisters 


Size of litter— 

Family 13 . 

Others. 

Total. 

Otocephali, 

Normal. 

Otocephali, 

I 

9 

13 

S 

Normal. 

Otocephali. 

lit 

'f i _ 

1 

2 

3 

4 

5 

3 

17 

19 

n 

26 

103 

173 

141 

50 

IS 

79 

134 

72 

35 

II 

4 

26 

32 

19 

6 


I 

I 











Total . 

5° 

‘ 493 

32 

i 346 i 

82 

k 

Average; ; 

2. 76 ±- ^ 1 

3 - 17 : 1-03 

3. 00 ri. 12 

1 

3 - 19 i- 04 ^ 

2. 85±.07 I 

3. 18- 

! 

Difference . . 

1 

0.41 ±0.088 

o.r9±. 125 

0-33 ± 

.075 


“ Note that the average size of litter relative to individuals is larger than the average with the litter ulc 
as the unit. The average size of litter (litter as unit) was 3.70 and 7.74 in the matings which productc 
otocephali in Family 13 and other stocks, respectively, as compared with 3.14 and 3.15 where theindividi 
was the unit. 

mortality or littrr mates 

If otocephali are caused by unfavorable conditions, we should expeci 
a higher mortality among their normal litter mates than among normals 
from litters which did not include otocephali but which were from tlie 
same matings. The parallelism in the seasonal fluctuation, in these 
characters, allowing a lag of a month, however, has already been shovra. 
The data for the direct relationship between them are presented in 
Tables VII and VI 11. A comparison between Family 13 and other 
stocks is given in Table VII. In Table VIII all stocks are combined. 
We find that a distinctly smaller percentage of litter mates were bom 
alive (73.3 ±2.6 per cent, as compared with 80.7^1.0 per cent for non- 
litter mates). Similarly, a smaller percentage of litter mates are raised 
of those born alive (73.7 ±3.0 per cent, as compared with 77.3 if- 
per cent for nonlitter mates). Among the litter mates 54.1 ±2.9 per 
cent of all young bom dead or alive were raised to weaning, as ccjI- 
pared with 62.4 i 1.2 per cent among nonlitter mates. 

One objection which may be raised to these comparisons is that they 
are based on young bom in litters of different sizes. There can be, lor 
example, no litter mates of otocephali bora in litters of one. If, however, 
the percentages are compared for corresponding sizes of litter, the same 
results are found. If the averages for each size of litter among the non- 
litter mates are weighted by the number of litter mates born in 
size, we get grand averages only slightly different; 81.6 per cent born 
alive, 77.2 per cent raised of those bora alive, and 62,3 per cent raised 
of all young. The difference between litter mates and nonlitter mates 
in total percentage raised is 8.3^3.!, or 2.6 times the probable error 
There can be little doubt that conditions which cause a high mortality 
among normal young have some influence in determining otocepbaly- 
Here again, however, the relation is not very great. 
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\'ll -A companson betuccn ihe mortality figures in 
families uhich produced otocephah 


Family and the other 


N(irm;il littff matrs nf otocephali. 


Nomial sihs, not littor males of otocephali. 



Raised. 

Died. 

Bom 

dead. 

Bora 

alive. 

Raised 
of bora 
alive. 

Raised. 

Raised. 

Died. 

Boml Bora 
dead.j alive. 

\ 

Raised 
of bora 
alive. 

Raised. 



Kumr 

Numr 

Per 

Per 

Per : 

Num- 

Num- 

Num-\ Per 

Per 

Per 


ber. 

1 ber. 

ber. 

cent. 

cen{. 

cent. 

ber. 

ber. 

ber. i cent. I 

cent. 

cent. 

imily r'' 
tiers. 

.' 34 

31 

30 , 

73' 3 

61.8 , 

4 S '3 

244 

78 

96 1 77-0 

75-8 

58.4 


5 

r6 

? 3-3 

88.6 

65.0 

IPS 

51 

( 

7»3 

68.1 


/tniE nutn,ber raised, dying hetireen birth arid days, and born dead, and 

the per cent born alive, raised of those born alive, and raised to JJ among ike litter 

nates of the otocephalies 


N^ormal litter mates of otocephali. 


5 iic fl tii'c- , I i „ ^ 1 ' Raised ; 

Raised, (Died. I 2 ®^" j of bom I Raised. 


A’u-m- |.Vum-| 

her. j f>E/. 


Total 

robable error 
of total 


Num-\ 

ber. 


Normal sibs, not litter mates of otocephali. 


Per 

cent 


&S -1 
6g. 6 
67.9 


Per 

cent. 


8r. 3 
58.3 
35' 8 


r I Bom ! Bom 
’ I dead.l alive. 


.VufH-.VMffi-i Per 
ber. \ her. cent. 


2.1 85. 6 

33 9 


Raised 
of bom 
alive. 


Per 

cent. 

76.7 

83.5 


Per 

cent. 

36. 1 
70. 6 
70. 6 
51-3 

47. 1 
50.0 


®If the percentages for the normals which were not litter mates are weiahtcd by the number in each 
K of litter amonf the litter mates, we get 81,6 per cent bom alive, 77.2 per cent raised of those bom alive, 
id 61 1 per cent raised, figures which do not differ appreciably from the actual percentages. 


BIRTH WEIGHT 

Unfavorable condiiions naturally have a ^reat influence on birth 
fefght. The average birth weight of otc^cephali, their litter mates, 
Bd their brothers and sisters which were not in litters containing otoce- 
ibali are given in Table IX. Because of the very important effect of 
he of litter on birth weight, a correction nnist be made in order to make 
^alid comparisons. The correlation between birth weight and size of 
itter (individual the unit) came out -0.41, -0.60, and —0.58 in these 
hfee classes of young. The regressions of weight on size of litter de- 
luced from these figures are ~S.2, -ii.i and -10.4 gm. per unit 
lifference in size of litter. All average birth weights were adjusted to 
n average litter of three by use of the regression of — 10.3. 
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Table IX. — The average weight at birth of otocephali, their litter mates and their 
and sisters of other litters, in Family IJ, other stocks, and the total » 


Family 13. I Other stocks. Total. 





Average 

' s Average 


s Average : 



c 

weight, 

weight. 


-g ' weight. : 



h 




U . ' . . T 



z ^ 

TJ 

U . ^ 


It T ^ 




*3 v5 

^ A M to 

ii 



B 

> 

3 , 

j ; 'O 

a s ^ .a 

§ 



Z 

< 

< i <1 

Z \ < < 

Z 





; Gm. i Gm. 

■ Gm. ■ Gm-. 


G VI. \ Gtn. Cfc 

OtocTphali. : 

50 ; 

3. 76 ; 

! 66. 7 1 64. 3 

31 ; 3.00 ; 71.3 , 71,3 

81 , 

, 3.85 : 68.5 i67.o±:.. . 

Titter matw | 

: 75 1 

3-27 

i 71-3 ‘ 74' I 

60 ! 3.43 1 73-0 . 77-4 

13s ! 

3-34 ! 72. I i75-6il.! i; 

Nonlittcr mates j 


..6, 

j 74. 4 ; 76. I 

386 i 3. 14 77.3 . 78. 7 

704 1 

3. 15 . 75-6 i77-i±o.5, Z, 

• Owinc to the important effect of size of litter on birth -weight, an average birth weight t- .. 

average btae of litter oi three is civen as well as the actual Sgurcs, 




Corrected or not corrected, there is not much difference between tit 
average weights of litter mates and nonlitter mates, although the forme; 
are slightly lighter according to both (corrected, litter mates 75.6 + 1.1 
gm. nonlitter mates 77.1^0.5). Here, again, we have a slight indi- 
cation that unfavorable conditions cause otocephaly, but in this cast 
the difference is statistically of no significance. 

The otocephali themselves are about ii per cent lighter in weight 
than their normal litter mates. This difference, however, is to a largt 
extent accounted for by their small heads. Taken as a class they show 
no evidence of malnutrition. 

The direct search for indications of an environmental factor in deter- 
mining otocephaly has led to rather meager results, although all lines oi 
evidence agree in indicating that unfavorable environmental conditions 
have some influence. 

There is one consideration which might well have discouraged suchs 
search from the first. If otocephaly is determined by external factors 
of such nature as to act on litter mates alike, we should cxpr^ct to M 
in many cases more than one otocephalus in a litter. There have been 
only six such cases and three of these are among descendants of 
line from mating 13-19-1, in which the high frequency of otocepbal! 
(21.5 per cent) makes the chance occurrence of two in a litter a frequent 
probability. Of these six cases two were litters of two, both otocephali. 
while the others were in litters of three, two otocephali and one normal. 
Expressed in another way, otocephali have had 12 otocephalic liite? 
mates (each pair counted twice) in a total of 152 Utter mates, or 7.9 
cent otocephalic. They have had 64 otocephalic brothers and sisters 
among 1,107 in other litters, or 5.6 per cent. There is thus no appreciable 
tendency for otocephali to occur in the same Utters, and, as we have 
previously seen, very little tendency for them to occur in the same mat- 
ings, unless the whole line to which they belong is characterized by pp' 
ducing a high percentage. All environmental factors which act alitf 
on litter mates, through effect on the condition of the dam or othervoi^- 
are at once ruled out as factors of more than very secondary importaoce- 
The case is parallel to that of the piebald pattern in guinea pigs, wbi 
is determine nearly Oo per cent by nongenetic factors, but to no ^P‘ 
appreciable extent by factors which act on litter mates alike (h)- 



t:, 


Otocephaly in Guinea Pigs 177 


,jn looking for nongenctic factors peculiar to individuals of a litter, 
Iticg very^ early in development and not affecting to an important 
the final growth of the body, we are led at once to a factor which 
'^il ^ considered important, a delayed or temporarily faulty implan- 
tion. Since neither the condition of the dam nor the heredity of the 
h;q(t (within the. line) is of prime importance, we must attribute such 
rors in implantation largely to chance. We must assume that normal 
[ations are later established, but only after irreparable injury has 
^11 done to the most sensitive region in the developing embryo, which, 
cording to Child's gradient hypothesis, should be at the anterior end 
the central nervous system. 

The minor grades of defect (grades r to 4) in which all the abnormal! - 
;s seem to center around reduction of Meckel’s cartilage (and to a less 
tent the hyoid) at first sight seem at variance wdth this theory, since 
jckcl's cartilage would hardly seem a likely location for tile highest 
id most sensitive point in the gradient pattern. It has been deraon- 
:atcd, however, that the branchial cartilages are produced from mesecto- 
rm cells which wander down from the neural crest (d, 10) (Miss Platt, 
97; Stone, 1922). A temporary arrest of development of the anterior 
d of the medullary plate might well cause a disturbance in the neural 
1st region, with consequences visible in the branchial cartilages even 
ough not obvious in tlie brain. The arrest of the frontonasal process 
licated in grade 5 leads to the series of stages (grades 6 to 12) in which 
e increasing arrest of the brain, beginning with the forebraia, is ob- 
rusly the primary morphological factor, 


GENERAL CONSIDERATIONS 


Most rrork in genelics has necesso.rily dealt with variations of a rather 
jx-rljcKi] character whose 1 elation to the great sirenrn of heredity which 
icrmiacs tlic diaraci eristics of the phylum, class, down even to the 
[Vies, is like that of the ripples oi] the surface of a great river. One’s 
pression on seeing a cyclopean in a litter 01 normal guinea pigs is that 
re IS a variation of a more fundamental character, one which alters the 
tac course of (ievelo])irieiu. A[ first thought it is somewhat discom 
(ling to this idea to find that the action of the hereditary factors in 
O' case IS so general in character that it is duplicated by that produced 
a host of other agents, as cold, magnesium salts, butyric acid, mc- 
aiiical destruction, lack of oxygen, in siiort anything whicl^, arrests 
velopment. The only thing that seems to be specific is the moineiit 
occclopment in which the agent is in action. The generic factors 
r:*‘idci individuals ol Family 13 especially likely to fidlow the 
jccphahc mode of development appear, then, to l)e factors which alter 
•' uaTauidac activities of the embryo at a critical time in development 
it to be unusually susceptible to inhibiting agents, among which 
- consequences of chance irregularities in implantation appear to be 
jH iniportant ^ That these genetic factors themselves do not tend to 
ermine taulty implantation is indicated i)y the failure of Family 13 to 


«is of < yclopia as vhuUy non genetic. He drew a rather sharp line between 

cvUnnla T? poiydartyly, whith he considered as wholly gmninal,and reu) iiionsicrs, in* 

r Spina biiida, etc., which he. considered as Viholly pafliolopical,, 

I'Jpia TOone tb,* between germinal and pathological monsters, but a different line. He included 
■cJJi data wdiMtnf sit symmetncal beings, "oosmobia,” which he considered as venuinal. The 
' 2 Mit in P hoe can be drawn. Hoth genniual end environmental condiUoos 

and Wciopia, and the same is undoubtedly true ol other anctnalios, including 

.anaut.'n,s m the piebald and tortoisMbell-culor patterns in guinea pigs 
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produce another type of nionster-the partially double-headed 
cio-ht oi which have been found in other stocks and which the experitne" 
orStockarci ( 5 *. 9) indicate are determined by arrests m development ah 
moment preceding the arrests which determine the cyclopean condition 
Tliere is no apparent correlation l^eUveen the distribution 01 otocep^] 
and other types of monsters among the experiments. 

It would’ seem likely that genetic factors with an effect on geneta] 
metabolism are verv common, but at first thought it may seem asij 
such factors could play only a minor part in determining the type of 
velopmcnt. But this is not a necessary conclusion. Study of the num- 
erous orderly, nicelv adjusted anatomical changes brought about b 
otoccphali by a factor of tins kind suggests the possibility that the whole 
course of development may be conirolled by such factors. The funda- 
mental properties of cells 'are much the same throughout the 
world, however diverse the structural patterns of the developed organisi^s 
The Mendelian unit factors must l)e self-perpetuating entities within the 
cells. It may be possible that the action of Mendelian factors is merdv 
to depress or accelerate metabolism. Their specif city lies in the un- 
locking of their activity at a particular moment when tlie cell has readied 
a particular condition' The pattern of development is then controlled 
by the particular succession of inhibitions and accelerations to which the 
various cells are subjected, as the result ultimately of the reaction oi 
genetic factors with environmental ones. Just as the whole range oi 
thought can be expressed by particular successions of dots and dashes in 
the Morse code, so the whole range of developmental patterns, from the 
one-celled alga to the sunflo\ver, from the amoeba to man, mav be the 
re.siilt of different sequences of inhibitions and acceleiations. Develop- 
mem in a given cell lineage under this view is a chain reaction in which 
each gene reacts only in the jircsence oI certain conditions, in pan 
environmental relative to the cell lineage in question, and in part the 
re.sult of the action of genes previously called into action. 

This of course is taking an exircinc \'ieAv. It is not necessary to sup- 
pose that the action of all genes on cell metabolism is equally general 
Iw addllltiw to -a. w sst 

oi condirions, we may Viave g,enes whueVv eala\y7.e (m\y a 
reaction and which can come into action only when the reacting substau'; 
are present. 

On the discovery of units of heredity it was natural to compare tke 
with the living units which had entered into previous speculations. Tb 
gemmules of Darwin, the biophores of Weismann, and ah of their kind 
were essentially more or less sublimated representatives of the vanc’J! 
morphological features of the adult organism. The developmental process 
was conceived of as a sorting out of these elements. I'liis view, as Chile 
has justly insisted (/), really explains nothing in development and 
vitalislic in its implications. It w'as, nevertheless, adopted hy niaay 
geneticists who began to look for determiners for the various parts ol the 
lx)dy. Discoveries in genetics, however, while demonstrating evermore 
securely that the heredity of an organism is composed of constant units, 
have continually led away from this nai\ e conception of their nature. 

In the case oi otocephaly, specific unit factors have not been demon 
strated, but their presence is probably indicated by the evidences oDeg_ 
regation in early generations and the sudden jumps in percentage^* 
monsters at points in particular inbred lines. There is at any rate 
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/Vrnoa? about 40,000 guinea pigs recorded in genetical experiments of 
le Bureau of Animal Industry 82 monsters of the otocephalic type, or 
)out 0.2 pel* appeared. These are classified in a practically 

lear series of 1 2 grades of defectiveness. The defects in the lower grades 
to 4) center about arrest of Meckel’s cartilage. Arrest of the fronto- 
isal process seems responsible for grade 5. From grade 6 to grade 12 
le primary feature is the progressive arrest of the brain. Grades 7 to 9 
•e cvciopeans. Grades ii and 12 are almost headless. 

The majority (50) have appeared in one inbred family, No. 13, in which 
le frequency is 1.5 per cent. There are marked differences in the per- 
stages in different sublines of this family, there being indications of 
negations of different tendencies in the early generations. 

At\\vo or three points in the pedigree there has been a sudden jump 
I the tendency. A line producing about i per cent jumped to 4 per cent 
I one of its sublines in tlie thirteenth generation. This gave rise to a 
ranch in the nineteenth generation, which is producing over 20 per cent. 
These observations demonstrate the importance of genetic differences 
Etween inbred lines. Analysis indicates, however, that there can be tew 
r no genetic differences within such lines between the normals and the 
lonsters. Their occurrence can not be explained as due to Mendelian 
jgregation or to mutation, except where one whole subline becomes 
ilerentiated from its parent line in frequency of production. 

Inbreeding merely brings to light genetic differences. Family 13 pro- 
Uced most of its otocephali in the later generations. All other inbred 
Emilies, several with histories closely parallel to Family 1 3 , produced the 
jealet wumte m five ea.t\y 

Aeleimmes an md‘widua\, not a tnalema\, character, 
males of Family 13 do not produce otocephali in outcrosses to the extent 
at they do in matings with brothers. Otocephali are more likely to 
pear in crosses in which both sire and darn have blood of Family 13 than 
other crosses. Females are twice as likely to suffer the defect as males. 
There is no appreciable difference in frequency in first and later litters 
in last litters. 

ffhe seasonal distribution shows a slight predominance in the winter and 
Hy spring, when conditions are apt to be poor, agreeing with the fluc- 
jations in size of litter and mortality of the normal young before weaning, 
pi a not unexpected anticipation by half a mouth in the former case 
d a lag of a month in the latter. 

ptocephali are bom in slightly smaller litters than normals from the 
matings. A slightly larger percentage of their litter mates die at 
and between birth and weaning than normals in other litters from 
rc matings. There is a corresponding but statistically insignificant 
perence in birth weight between litter mates and nonlitter mates. 
Fephali themselves are only slightly under ^veight and typically have 
pell-nourished, healthy appearance. 
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A litter mate of an otocephalus is not appreciably more likely to 

the defect than a nonlitter mate. 

It is concluded that the condition of the dam and external factors 
act alike on litter mates through their effect on the dam play a pani^ 
determining otocephaly, but only a small part. u ^ 

By elimination it is concluded that the mam factor is probably chantt 
delay or other irregularity in implantation acting on a genetic basis oi 
susceptibility at a particufar, critical moment in ontogeny to the resulting 

temporar>^ arrest in development. 

The grades of defect can be interpreted m harmony with Lhild s gradient 

possibility is pointed out that many if not all genetic factors mav 
have a simple accelerating or inhibitory effect on metabolism, as genera! 
in nature as those which seem to form the genetic basis of otocephaly, and 
that their control of the developmental pattern may rest merely on tit 
order in which they come into activity as determined by conditions dw 
to genes vhich have already acted. 
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PLATE I 


A — Otoccphalic guinea pigs of grades lo, 9, 7, and 4 in comparison with a Mm 
•.extreme right). Ventral view. 

B,— Lateral vie^v of the otoecphalic guinea pigs (grades 10, 9. 7, and 4, and Iher-r 
mal ) siiown in A. 






